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1h»  Important  variables  in  dust  coll  action  seem  to  be  obscure 
op  not  too  well  knom.  The  work  reported  in  the  literature  ap- 
pears to  have  little  grounds  on  which  to  base  a  correlation  be- 
tween workers.  Kuch  data  have  been  reported  on  operational 
variables  such  as  inlet  velocity,  temperature,  inlet  to  outlet 
area  ratio,  while  sufficient  data  to  establish  geometrical  sim- 
ilarity are  mostly  lacking.  Generally  the  dust  collectors  used 
differ  so  greatly  in  proportions  that  there  is  little  or  no  geo- 
metrical similarity. 

It  is  the  purpose  of  this  research  to  study  cortain  of  these 
variables  whioh  affect  the  efficiency  of  collection  in  the  cyclone 
dust  collector.  The  collectors  may  vary  in  regard  to  inlet  height 
and  width,  outlet  area,  cylindrical  section  diameter  and  height 
and  cone  length.  The  density,  viscosity  and  inlet  velocity  of 
the  gas  may  have  an  appreciable  effect  on  the  efficiency  of  col- 
lection. The  size,  density,  shape,  surface  and  particle  size 
distribution  of  the  dust  are  variables  to  be  considered.  In  this 
work  the  variation  of  physical  dimensions  such  as  cone  longth, 
inlet  shape,  inlet  to  outlet  ratio,  height  of  cylindrical  section 
and  distance  to  which  the  outlet  tube  extaid3down  into  the  col- 
lector were  studied* 

Inlet  velocity  and  pressure  drop  are  two  operational  variables 
which  were  included  in  this  study.  Teaperature  of  the  fluid  and 
other  operational  variables  were  not  included  for  study.  A  dust 
was  selected  upon  Its  suitability  with  regards  to  fineness,  avail- 


ability,  and  physical  and  chemical  inertness  for  use  as  a  standard 
of  comparison. 


LITERATURE  SURVET 


os sure  Drop  Theory 

Llesman  (1)  assuiaes  the  law  of  conservation  of  angular  momen- 
tum, and  that  the  expansion  of  the  gas  is  isothermal,  in  deriving 
a  formula  for  draft  loss  across  the  cyclone  dust  collector.  An 
attempt  la  made  to  show  that,  for  similar  cyclones,  the  draft  loss 
is  independent  of  the  dimensions  of  the  collector,  and  is  a  func- 
tion of  tangential  velocity  and  density  of  the  gaa  only. 


where 


?l   -  P  »  0.288  -I  V12 


Pj  -  P  •  draft  loss— inohes  Water  gage, 
wl  »  density  of  gas  #/ft.3 
Vj^  s  tangential  velocity  in  outer  vortex. 
Shepherd  &  Lapple  (2)  obtain  the  empirical  relationship  for  fric- 
tion loss  in  a  cyclone  with  an  inlet  deflecting  vane 
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They  (3)  obtained,  in  like  manner,  a  formula  for  a  cyclone 
without  an  inlet  deflecting  vane. 
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Priotion  loss  across  cyclone 
exit  tube  diameter 
inlet  height 
inlet  width 


Briggs  (4>  states  that  for  a  given  rate  of  gas  flow  the  decrease 

in  pressure  drop,  with  the  addition  of  dust,  is  proportional  to 

the  square  root  of  the  dust  concentration.  This  amounts  to  as 

much  as  18  per  cent  leas  pressure  drop.  He  gives  the  following 

empirical  equation: 

?o  -   P   -  o.l3  C 
Po 


Po  »  Pressure  drop  without  dust. 

P  »  Pressure  drop  with  dust. 

C  •  duet  concentration  grains 

ft.3 


Veloolty  distribution 

A  general  equation  introduced  by  Shepherd  &  Lepple  (2)  will 
be  used  to  represent  the  tangential  velocity  at  any  point  in  the 
outer  vortox  of  the  cyclone  dust  collector,  of  the  form 


4MM 


V0  =  tangential  velocity  at  radius  r0  (reference  velocity) 

V  »  tangential  veloolty  at  radius  r 

n  •  a  constant  exponent 
This  equation  will  facilitate  the  comparison  of  the  various  tan- 
gential velocity  distributions  reported  in  the  literature.  Lias- 
man  assumed  an  idealised  fluid  for  which  n  *  1. 
Seillan  (5)  and  £ill  Mutual  (6)  state  that  the  air  in  the  outer 
vortex  moves  with  constant  angular  velocity  or  n  ■  -1. 


Prokat  (7)  gives  an  experimentally  determined  value  of  n  ■  0.7. 
Shepherd  &  Lapple  (2)  determined  the  value  of  n  *  0.5  from  ex- 
perimental observations. 

Rosin,  Rammler  and  Intelmann  (8)  assumed  the  value  of  n  •  0,  giving 
a  oonatant  tangential  velocity  at  every  point  in  the  outer  vortex. 

Collection  Efficiency 

Liasman  (1),  with  the  above  mentioned  assumptions,  calculated 
the  values  of  acceleration  in  the  outer  vortex,  and  stated  that 
the  collection  efficiency  decreased  as  the  diameter  of  the  cyclone 
increased.  Anderson  (9),  hiton  (10),  and  Parent  (11)  show,  ex- 
perimentally, that  this  is  the  case.  Their  collectors  range  ool- 
leotively  from  2  to  126  inches  in  diameter. 

Brlggs  (4)  shows  that  collection  efficiency  increases  very 
slightly  as  the  dust  concentration  increases*  He  also  shows  that 
the  collection  efficiency  increases  very  slightly  as  the  pressure 
drop  increases.  Parent  (11)  states  that  the  collection  efficien- 
ciea  of  the  cyclones  used  were  not  affooted  by  the  dust  loadings 
in  the  range  encountered. 

Parent  (11)  also  reports  that  if  the  density  of  the  gas  is 
quadrupled  by  an  increase  pressure  then  the  velooity  would  need 
to  be  one-half  as  muoh  to  get  the  same  pressure  drop,  temperature 
being  the  same.  This  would  indicate  a  lower  collection  efficiency. 

Walton  (10)  and  Parent  (11)  present  data  to  indicate  that 
collection  efficiency  decreases  as  the  temperature  of  the  gas  in- 
creases. The  range  of  temperature  covered  in  theae  experiments 
,  was  from  80°  to  1000°  F. 


Whlton  (10),  Anderson  (9)  and  Parent  (11)  show  that  as  the 
inlet  velocity  la  Increased,  the  collection  efficiency  increases. 

Itosin,  Sampler  and  Intelmann  (8)  make  certain  aimplifying 
assumptions,  and  starting  with  Stokes  law  for  spheres  settling  in 
a  fluid  derive  an  equation  for  the  minimum  size  sphere  collectable 
in  a  cyclone  dust  collector. 

P<Hin)  1  «««?*■?«. 

Dp(mln)  *  thooretieal  minimum  sized  particle  collectible 
H  »  fluid  viscosity 
rg-r^  •  width  of  cylindrical  annular  apace 
a  ■  density  of  partieles 
^2  «  density  of  fluid 
Vfc  »  tangential  velocity 
R  •  theoretical  nuntoor  of  turns  the  gas  takes  in 
passing  through  the  annular  space. 
Shepherd  and  Lapple  (12)  feel  that  the  (r2  -  r,)  term  should 
be  replaced  by  the  radius  of  the  exit  tube.  They  also  state  that 
a  fractional  separation  x  should  be  obtained  on  particles  of  size 
Dx,  smaller  than  Drain  when 

Dx  «  Dmin   x(2-x)n.  They  give  no  derivation  of  this  formula. 
Van  Tongeren  (13)  states  that  there  is  a  double  eddy  current 
in  the  cyclone  dust  collector  similar  to  that  encountered  in  the 
fluid  flowing  around  an  elbow.  Shepherd  and  lapple  (?),  in  a 
very  extensive  search,  state  that  they  cannot  find  this  phenom- 
enon. 


IALS  kWD  METHODS 


The  experimental  setup  la  ahown  In  plates  1  and  &,  The 
air  ontera  the  ayatem  through  the  AS1£E  long  radius  noszle  ahown 
at  the  left  of  Plate  I.  A  PI tot  tube  of  the  Prandtl  type  la  lo- 
cated In  the  center  of  the  duot  after  the  nozzle  for  the  determin- 
ation of  velocity  and  flow.  The  Inlet  through  which  the  duat  la 
Introduced  Into  the  air  3treom  by  the  motor  driven  tfust  feeder  la 
located  about  6"  down  the  pipe  from  the  nozzle.  Allowing  thia 
the  air  and  duat  travel  through  about  eight  feet  of  duot  before 
entering  the  cyclone  duat  collector,  A  glaaa  Jar  la  at  the  bottom 
of  the  collector  to  hold  the  dust  during  collection.  The  U  tube 
manometer,  aoen  on  the  table  beside  the  collector  in  Plate  I,  la 
used  to  measure  pressure  drop  acroaa  the  collector.  It  la  con- 
nected to  tapa  at  the  Inlet  and  outlet  of  the  collector.  The 
outlet  tube  Is  located  at  the  top  of  the  collector.  This  tube 
takes  the  air  and  uncollected  duat  on  to  the  inlet  of  the  fan 
ahown  In  Plate  II,  Just  ahead  of  the  fan  18  a  allde  valve  for 
shutting  off  the  flow  between  samples  without  shutting  off  the 
motor.  The  air  and  uncollected  dust  are  then  discharged  to  the 
atmosphere  through  the  vertical  duet  connected  to  the  outlet  of 
the  fan,  At  the  bottom  of  Plate  II  can  be  aeen  the  Reeves  Vari- 
able speed  drive.         Plate  III  shows  the  experimental  set 
up  for  taking  tangential  velocity  measurements.  The  pltot  tube 
used  to  measure  the  tangential  velocities  In  the  collector  was  of 
the  Prandtl  type  with  an  outside  diameter  of  1/16W. 

The  nozzle  in  Plato  I  was  made  of  plaster  and  oement  with  a 
throat  diameter  of  six  Inches,  This  type  of  inlet  was  uaed  to 
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give  a  flat  velocity  profile  at  the  entrance  for  simplicity  of 
velocity  and  flow  calculations.  The  velocity  profile  was  checked 
experimentally  and  found  to  be  flat  as  indicated  "by  Frandtl  and 
Tietjens  (16). 

Immediately  after  the  inlet  the  pitot  tube  was  placed  at  the 
center  of  the  duct,  to  measure  the  velocity  head  of  the  entering 
air,  from  which  the  velocity  and  flow  were  calculated.  Connected 
to  the  pitot  static  tube  is  an  inclined  draft  gage  which  may  be 
seen  immediately  below  on  the  table.  This  manometer  contained 
oil  of  0.9135  specific  gravity  but  was  calibrated  to  read  in  inches 
of  water. 

The  dust  feeder  was  constructed  with  an  airtight  hopper  to 
contain  the  500  grama  of  dust  used  in  each  run.  This  feeder  waa 
actuated  by  an  electric  motor  with  a  variable  throw  eccentric. 
The  throw  and  angle  of  Inclination  of  the  feeder  outlet  tube  were 
adjusted  to  give  the  desired  rate  of  feed.  The  speed  of  the  motor 
was  fixed. 

After  the  addition  of  the  dust  to  the  air  stream,  the  du3t 
laden  air  was  passed  through  about  eight  feet  of  6"  duct  and  a 
transition  section  before  entering  the  dust  collector.    La  was 
for  the  purpose  of  allowing  the  dust  and  air  to  become  thoroughly 
mixed. 

e  dust  collectors  used  in  this  research  were  made  in  sec- 
tions to  facilitate  varying  the  physioal  dimensions  so  that  the 
effect  of  these  dimensions  upon  collection  efficiency  and  pressure 
drop  could  be  studied.  The  diameter  of  the  cylindrical  section 
was  held  constant  at  12  inches.  The  cross  sectional  area  of  the 
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inlet  waa  hold  constant  at  16  square  inches.  Entry  of  the  air 
into  the  collector  was  tangential,  Plates  IV  and  V. 

The  dust  collectors  will  be  referred  to  by  codej  e.g.,  16  - 
4  -  1  -  D,  The  16  indicates  that  the  cylindrical  section  16" 
high  was  used.  The  4  represents  the  oone  length  in  diameters 
while  the  1  is  the  ratio  of  outlet  to  inlet  area*  The  D  indi- 
cates that  the  outlet  tube  is  in  the  down  position. 

The  conical  sections  are  pictured  in  Plate  VI  with  a  dimen- 
sion drawing  appearing  in  Plate  VII,  These  cones  were  made  in 
lengths  of  from  1  to  4  diameters.   It  is  logical  to  assume  that 
if  the  cone  length  la  increased  sufficiently  that  eventually  there 
will  be  a  decrease  In  efficiency,  the  same  would  be  true  when 
shortening  the  cone.  It  was  hoped  that  the  most  efficient  cone 
length  obtainable  would  fall  between  1  diameter  and  4  diameters. 
This  was  found  not  to  be  the  ease. 

The  outlet  tubes  and  cyclone  covers  were  connected  by  a 
sliding  Joint  shown  in  Plates  VIII  and  IX,  There  were  three  out- 
lets made  having  cross  sectional  areas  of  0.67,  1.0,  and  1,5  times 
the  inlet  area.  They  were  made  to  allow  the  tube  to  extend  a  max- 
ima distance  of  17  inches  into  the  dust  collector. 

The  fan  in  Plate  II  waa  a  30  inch  Buffalo  Planning  Kill  ex- 
hauster. It  was  driven  by  a  5  hp  motor  through  a  Reeves  Variable 
speed  drive  size  0.  iho  range  of  speed  variation  for  the  fan  was 
from  600  to  2600  R,P,K.  Thia  gave  a  range  of  pressure  drop  up  to 
12  inches  of  water  and  a  collector  inlet  velocity  range  of  from 
2500  to  4400  feet  per  minute. 

The  dust,  used  in  these  experiments,  was  finely  ground  Ottawa 
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Dimension  drawing  of  eon©  sections. 
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BXPLANATION  OP  PLATE  VIII 


utlet  tube*  with  sliding  collector  covora. 


EXPLAHATIOK  OF  PLATE  IX 


Diwmsian  drawing  of  out  lot  tub©  and  covers. 
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Silica  Sand*  This  dust  was  tested  for  fineness  by  the  permeability 
uethod,  (ASTK  method  Ho.  C2Q4-4ST)  (14),  and  found  to  have  a  spe- 
cific surface  of  3440  square  centimeters  per  gram.  A  Bureau  of 
Standards  sample  of  Portland  Cement,  having  a  specific  surface  of 
5500  square  centimeters  per  gram,  was  used  as  a  standard  of  com- 
parison. The  results  of  a  sieve  analysis  run  according  to  the 
method  of  VSichser  et  al,  (15)  ere  shown  in  Table  1. 

Table  1.  3ieve  analysis  of  dust. 


Percent 

over  150  mesh 

trace 

over  200  mesh 

4.02 

over  270  mesh 

13  .5* 

over  32S  mash 

21,6^ 

over  400  mean 

29,52 

thru  400  mean 

70.52 

This  particular  dust  was  chosen  because  of  its  chemical  and 
physical  Inertness,  and  its  availability  for  use  as  a  standard 
of  comparison, 

A  series  of  ten  identical  collection  runs  with  all  variables 
held  constant  was  made  to  determine  the  variability  of  the  tests, 
A  standard  deviation  of  0,48  per  cent  was  calculated  from  the 
data  with  the  use  of  the  following  formula;  Snedeoor  (17) 

{  X  )2 
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S  ■  standard  deviation 

X  »  individual  teat  result 

H  »  nucibor  of  replicates. 
With  this  as  a  basis  it  was  considered  that  a  500  gram  sample 
would  give  sufficient  aocurQcy  for  this  work.  It  was  also  de- 
termined that  the  500  gram  sample  was  fed  into  the  stream  in 
3.66  minutes  which  gives  a  rate  of  feed  of  136.5  grams  per  minute. 
At  an  average  inlet  velocity  of  3500  feet  per  minute  the  quantity 
of  flow  is  389  cubic  feet  per  minute.  Dividing  389  by  136.5  gives 
a  loading  of  2.85  grams  of  dust  per  cubic  foot  of  air  or  44.0 
grains  per  cubic  foot. 
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The  experimental  data  taken  In  this  research  appear  In  Table 
2  (Appendix)  caster  table,  from  which  the  data  for  each  of  the 
graphs  have  been  taken. 

Effect  of  Inlet  Velocity  on  Collection  Efficiency 

Figure  1  ia  a  graph  of  collection  efficiency  vs  Inlet  veloc- 
ity for  the  4  basic  dust  collectors.  The  4  basic  collectors  are 
defined  as  16  -  4  -  1.5  -  D,  12  -  3  -  1,5  -  D,  8  -  2  -  1.5  -  D 
and  4  -  1  -  1.5  -  D  because  they  span  the  range  of  efficiencies 
expected.  In  all  4  cases  the  efficiency  increases  as  the  velocity 
Increases.  The  curve  for  8-2-1. 5  -  D  levels  off  at  about  92 
per  cent  while  the  other  three  curves  continue  to  increase  over 
the  ranges  of  velocity  Investigated. 

>om  a  consideration  of  vortex  motion  It  Is  reasonable  to 
assume  that  the  tai  hout  the  oc~     >r  will 

at  velocity  Is  Increased.   I  consideration  of 
the  velocities  and  accelerations  discloses 

hin  the  collector*  The  most  important  of  these  ia 

v  2 
the  centrlfu -al  force    *ft  «  This  is  the  force  that  brings  about 

g  r 
separation  of  the  dust  from  the  gas.  The  other  force  is  the  force 

of  drag  whieh  may  be  considered  as  consisting  of  turbulent  mixing 
and  true  drag. 

The  exact  determination  of  those  forces  and  their  action  on 
various  size  particles  is  beyond  the  scope  of  this  work. 
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Fig.  1.     Tho  of  foot  of  Inlot  velocity  on  oollootion  offioloiicy. 
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Outlet  Area  versus  Collection  iiffioiency 

Figure  2  shows  the  effect  of  inlet  velocity  on  collection 
efficiency  for  three  different  outlet  areas.  In  general  it  can 
be  seen  that  col        \tt  a   as  the  outlet  area 

is  deereasod  except  at  the  lower  inlet  velocities.  Although  a 
greater  efficiency  is  obtained  at  the  higher  velocities  this  must 
be  compensated  for  by  greatly  increased  power  retirements  as  the 
pressure  drop  would  indicate.  The  curves  for  the  0.67  and  the 
1.0  ratio  outlet  do  not  appear  to  be  statistically  very  different. 
They  are  much  higher  than  that  representing  the  1.5  ratio  outlet. 
Thia  increase  in  efficiency  might  be  due  to  the  faot  that  the 

i»o  force'      Tarthor  radially  '    'd  befor 
lng  the  outlet  tube  to  encn-<e.  in  being  forced  closer  to  the 
center  line  the  particles  will  have  a  greater  centrifugal  force 
and  they  should  have  a  better  chance  of  being  collected.  It  is 
also  possible  in  the  case  of  the  1.5  ratio  outlet  that,  after  the 
particle  has  reached  a  point  where  the  radial  forces  are  in  equi- 
librium, the  drag  force  upward  is  greater  than  the  force  of  grav- 
ity downward.  If  the  outlet  tube  is  large  enough  to  include  much 
of  the  outer  vortex  much  dust  might  be  lost  that  could  have  been 
collected. 

Velocity  and  Pressure  Dlatributlon 


Figure  S  Is  a  map  of  tangential  velocities  at  the  various 

positions  throughout  collector  4-  1  .  1,5  «  D  si  shown.  The 
data  for  figure  3  appear  In  Table  3.  This  is  a  map  of  the  air 
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Table  3,  Velocity  nap  data. 

Distance  from  :  Tangential  vel.   :     stance  from  t Tangential  Vel# 

oent«?r#  inches  : 

-  .  ."  .       t   center,  inches  : 

F.P.M. 

4  -  1  -  1.5  -  D 

^ection  AA 

Section  I 

6.00 

2920                6.00 

5.00 

3750                5,00 

3620 

4.00 

•ftl                4,00 

4660 

3.75 

5130                3.00 

5740 

3.50 

5220                 .00 

7100 

2.90 

3000                1.50 

6000 

1.00 

4350 

Section  CC 

Section 

DI3 

5.00 

3630                4.00 

4220 

3.76 

4370                3,00 

5270 

3.00 

5180                2,00 

6600 

2.50 

6100                1,50 

5310 

2.00 

6950                1.00 

4100 

1.50 

5640 

1.00 

4310 

Section  SB 

Hection 

01 

3.00 

5050                2.00 

6500 

2.50 

5000                1.50 

5540 

2.00 

6550                1.00 

mm 

1.50 

5700 

1.00 

4260 

Static  pressures  compared  with  atmospheric  pressure 

1 

distance  from         Stati 

o  pressure 

' 

sonter.  inches        inches," W.  G„ 

6.0 

-0.78 

5.0 

-0.91 

4.0 

-1.37 

3.0 

-2.19 

2.0 

-4.11 

0.3 

-7.03 

Static  pressure 

at  inlet 

-0.46 

Static  pressure 

at  outlet 

-4.75 
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velocities  without  dust  as  dust  would  clog  the  pltot  tube,  making 
accurate  readings  impossible,  Ae  la  shown,  there  ware  six  veloc- 
ity traverses  along  diameters  of  the  cyclone.  It  was  found  that 
the  velocity  profiles  were  symmetrical  with  respect  to  the  center 
line  in  all  cases.  For  that  reason  only  half  of  the  velocity  pro- 
files are  ahown.  Traverse  A  -  A  runs  from  the  wall  of  the  outlet 
tube  to  the  outside  wall  of  the  collector.  The   other  five  trav- 
erses run  from  the  center  :>ine  to  the  wall  of  the  collector.  V/hen 
the  wall  is  reached  the  curvea  atop  at  the  last  velocity  reading. 
It  is  obvious  that  the  pltot  tube  used  waa  incapable  of  detecting 
the  boundary  layer.  No  attempt  was  made  to  represent  the  boundary 
layer  as  equipment  for  taking  measurements  in  the  boundary  layer 
was  not  available.  The  velocities  in  Traverse  a  <•  a  near  the  out- 
let tube  wall  might  appear  to  resemble  a  boundary  layer  but  It  is 
likely  that  this  resemblance  is  due  to  the  distortion  of  the  inner 
vertex  by  the  outlet  tube  wall,  House  (18)  developed  the  Rankin© 
combined  vortex  for  an  ideal  fluid.  In  the  case  studied  friction 
appears  to  have  caused  a  deviation  from  theory.  The  most  notice- 
able deviation  from  theory  is  In  the  inner  vortex  where  the  ve- 
locities do  not  follow  a  straight  line  relationship.  It  can  be 
soon  in  Figure  3  that  the  velocities  from  r  »  o  to  r  «  2  curve 
slightly  with  the  slope  decreasing  gradually.  This  is  very  likely 
due  to  the  effects  of  friction  and  turbulence.  The  mathematics 
required  to  develop  this  are  far  too  complicated  for  thia  paper. 
If  the  notation  of  Shepherd  &  Lapple  (2)  is  used  and  n  is  deter- 
mined from  the  end  velocities  in  the  outer  vortex  a  value  of  n  * 
0.0  is  obtainod.  For  a  frlotionless  fluid  the  value  of  n  would  be  1 


It  can  easily  be  observed,   that  the  isovcla  are  vertical  right 
circular  cylinders.   1th  thla  In  mind  a  hypothesis  of  collection 
can  be  cone tract ed.  Th*   primary  forces,  centrifugal  and  drag, 
acting  on  a  particle  in  the  collector  are  each  proportional  to 
the  square  of  the  velocity.  It  can  he  shown  from  Figaro  3  and 
flow  net  theory  that  the  tangential  velocity  la  much  greater  than 
the  radial  velocity.  From  this  it  can  be  inferred  that  the  centri- 
fugal force  la  greater  than  the  drag  force  for  a  given  particle  at 
tha  pt.  of  maximum  tangential  velocity.  Referring  to  Figure  3 
section  B  -  B,  if  a  particle  is  aasumed  to  be  in  the  velocity 
field  at  a  point  near  the  outer  wall,  then  It  is  conceivable  that 
the  drag  force  could  bo  greater  than  the  centrifugal,  force.  This 
being  the  caae  the  particle  would  migrate  down  and  toward  the  cen- 
ter of  the  oolleotor*  As  it  did,  however,  the  centrifugal  force 
would  increase  as  the  square  of  the  velocity  or  as  much  as  eight 
times,  while  the  I*ag  force  would  not  Increase  groatly.  Consider- 
ing the  particle  collectible  somewhere  between  r  *  6  and  r  ■  2 
inches  in  this  instance  the  drag  and  centrifugal  forces  would  be- 
oome  equal  and  the  particle  would  atop  Its  radial  motion.  At  this 
point  it  would  then  depend  on  whether  the  vertical  velocity  were 
up  or  down.  If  the  vertical  velocity  were  down  the  particle  would 
migrate  down  and  out  in  a  spiral  of  increaalng  radius  due  to  a  de- 
crease of  the  drag  force.  In  the  caae  of  tho  particle  coming  to 
radial  equilibrium  at  a  point  where  the  vertical  velocity  was  up- 
ward, then  the  particle  would  be  lost  out  the  outlet.  This  would 
be  likely  only  near  the  outlet  tube  which  might  be  the  reason  why 
a  greater  offlcieney  is  obtained  with  the  outlet  tube  extending 
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Table  4, 

Power  oonauapti 

*                                                               • 

Ap 

• 
• 

: 

:       Inlet  vol,      : 

with  dust 

t 

j 

Test  no. 

:       with  dust       J 

feet 

i    C.F.M. 

:Ft,  #/n±n. 

*      J&1X 

:              FPU              : 

water 

1 

: 

•       7* 

16  - 

4  -  1.5  - 

D 

127 

2730 

0.233 

308 

4,495 

91.6 

128 

2830 

0.225 

314 

4,410 

91.0 

129 

3090 

0.083 

343 

6,050 

93.0 

130 

3000 

0.283 

333 

5,880 

92.4 

131 

3280 

0.342 

364 

7,770 

93.0 

132 

3350 

0.342 

372 

7,345 

93.0 

133 

4050 

. 

II 

11,215 

94.2 

134 

4090 

100 

459 

11,455 

94.0 

12 

-  3  —  1.5 

-  D 

15 

2730 

0.150 

308 

2,880 

89.3 

216 

2780 

0.150 

308 

2,880 

89.6 

217 

3000 

0.217 

333 

4,510 

90.4 

218 

3000 

0.225 

333 

4,635 

90.8 

219 

3280 

0.303 

364 

7,000 

91.6 

220 

3360 

0.303 

373 

7,145 

91. 

-1 

3750 

0.375 

417 

9,735 

w 

3750 

0.383 

417 

9,865 

92.8 

8  - 

-  2  -  1.5  • 

.  B 

271 

2660 

0.233 

294 

5,185 

89.0 

272 

2650 

0.283 

294 

5,185 

89.2 

273 

3050 

0.358 

339 

7,545 

91.8 

274 

3050 

0.358 

339 

7,545 

92.2 

275 

3320 

0.433 

30 

9,950 

92.0 

276 

3360 

0.433 

373 

10,225 

92.4 

277 

3680 

0.550 

409 

14,020 

92.6 

278 

3720 

0.558 

413 

14,380 

92.0 

4  -  1  -  1,5  - 

.  D 

82 

MOO 

0.291 

389 

5,260 

81.0 

81 

2600 

0.203 

289 

5,115 

80,4 

SO 

3000 

0.383 

333 

7,965 

88.0 

79 

3000 

0.367 

333 

7,620 

87.3 

78 

3240 

0.425 

360 

9,540 

88.2 

77 

3200 

0.417 

356 

9,250 

87.8 

76 

3580 

0.51 

397 

12,755 

89.4 

75 

3580 

0.525 

397 

13,000 

88.6 

27 


Into  the  collector.  This  will  be  shown  in  s  later  figure. 

Collection  Sfficieney  versus  Pressure  Orop 

^ure  4  shows  collection  efficiency  versus  pvaaxir*  drop 
across  the  collector  for  three  different  positions  of  the  out- 
let tube.  The  center     .ion  (C)  is  the  most  efficient  but  is 
only  slightly  better  than  the  down  position  (D)  especially  for 
the  higher  pressure  drops*  The  up-posltion  (U)  Is  considerably 
less  efficient  than  the  other  two  positions.  The  low  efficiency 
of  the  up  position  may  have  resulted  from  a  portion  of  the  air 
taking  a  shortcut  from  the  inlet  to  the  outlet.   This  would  give 
less  opportunity  for  the  dust  to  be  collected.  I  greater  noise 
was  observed  during  runs  when  the  tube  was  In  the  up  position 
which  jsay  be  an  indication  of  the  air  taking  the  short-cut. 

Collection  sufficiency  versus  Tower  Consumption 


.gure  5  is  a  plot  of  collection  efficiency  against  power 
consumption  in  ft. lb/min.  It  appears  in  3  cases  that  the  ef fi- 
oleaey  Increases  very  rapidly  up  to  a  power  oonsunption  of  about 
8000  ft.  lb/min«  after  which  It  increases  very  little  in  all  four 
eases.  As  sight  be  expected  the  4-1-1. 5  -D  Is  the  least 
efficient  of  the  four  basic  collectors.  This  might  be  due  in 
part  to  the  short  time  of  retention  of  the  air  and  dust  in  the 
collector.  It  could  also  be  due  partially  to  the  shape  of  the 
inlet.  In  the  16  -  4  -  1.5  -  D  collector  the  Inlet  Is  long  and 
narrow  which  causes  all  of  the  dust  to  enter  the  collector  near 
the  outside  wall,      the  4  -  1  -  1.5  -  T>,   3/4  of  the  dust 
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enters  the  collector  far     i>om  tho  wall  than  in  the  16  -  4  - 
1.5  -  D  collector.  The  values  for  power  consumption  are  not  to 
be  taken  as  an  accurate  estimate  of  the  power  consumption.  The 
rotation  of  the  gas  in  the  outlet  tube  Increases  the  static  pres- 
sure at  the  wall  due  to  the  centrifugal  force,  An  accurate  value 
for  the  static  pressure,  against  wh       fan  i3  working,  can  be 
obtained  from  the  following  equation. 


/ 

St. 


7  • 


(1) 


The  pressure  losses  or  gains  in  the  collector  may  be  sepa- 
rate into  three  parts;  first,  that  due  to  friction,  second  that 
due  to  the  outlet  area  being  different  from  the  inlet  area,  third 
the  loss  caused  by  conversion  of  pressure  energy  into  kinetic 
energy  of  rotation  in  the  outlet. 


Pressure  Drop  versus  Inlet  Velocity 

Figure  6  is  a  plot  of  pressure  drop  across  the  collector 
against  inlet  velocity.  Each  curve  taken  separately  is  not  far 
from  being  linear.  The  curves  for  16  -  4  -  1.5  -  D  and  12  »  5  - 
1.5  -  D  would  indicate  that  these  collectors  required  less  pres- 
sure drop  to  produce  a  given  inlet  velocity.  This  might  be  due 
to  a  smoother  entry  when  the  stream  is  relatively  flat. 

If  all  4  curves  are  considered  in  the  average,  they  give  the 
effect  of  a  linear  increase  of  pressure  drop  when  the  inlet  veloc- 
ity is  increases . 
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"fOOt    Of  T5ust   D  reSSUT*   Drop 

Oreen  (20)  presents  evidence  to  support  tho  view  that  when 
particles  are  suspended  In  a  fluid  the  apparent  viscosity  of  the 
suspension  is  greater  than  that  of  the  fluid.  Figure  7  and  Table 
8  show  the  effect  of  adding  dust  on  the  relationship  between 
pressure  drop  and  inlet  velocity.  The  upper  curve  is  a  plot  of 
the  pressure  drop  and  inlot  velocity  for  the  collector  without 
dust.  T>ust  was  introduced  into  the  air  stream  after  whieh  the 
velocity  was  adjusted  to  the  original  valve  and  the  pressure  drop 
was  read.  The  lower  curve  is  a  plot  of  these  values.  Calcula- 
tions show  that  the  introduction  of  the  dust  caused  a  decrease 
in  pressure  drop  of  fror.  12  to  24  percent,  tfhen  dust  is  sdded 
the  decrease  in  presnuro  dro-5  appears  proportional  to  tho  pres- 
sure drc  . 

If  one  considers  a  boundary  layer  containing  dust  it  seems 
reasonable  to  assume  that  tho  presence  of  dust  particles  rolling 
and  boun  •   along  with  the  flow  will  increase  the  fluid  turbu- 
lence In  the  boundary  layer.  This  would  be  greater  if  the  dia»- 
eter  of  the  particles  was  larger  than  the  thickness  of  the 
boundary  layer  due  to  a  greater  velocity  of  the  particle. 

Prandtl  and  Tietjens  (10),  show  that  as  the  boundary  layer 
beoomes  turbulent  the  drag  force  on  a  sphere  actually  decreases 
with  increasing  velocity.  The  possibility  suggests  itself  that 
the  increase  in  turbulence  caused  by  the  particle  causes  the 
wall  friction  foroo  to  decrease  in  a  similar  manner,   The  use  of 
Reynolds  number  to  describe  the  flow  in  this  case  seems  to  be 
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Table  5.  Effect  of  dust  addition, 


-  " 

:  Inlet  vel.  : 

Inlet  vel.  : 

? 

:    P 

;    ff 

Teat  no. 

j  w/o  dust   : 

w. 

it 

w/o  dust 

:  w.  dust: 

:     FPK     : 

wn        i 

in 

t  in  WO 

: 

16 

-  4  -  1  - 

C 

3r 

5600 

2600 

5.0 

4.4 

85.0 

321 

2600 

2550 

5.0 

4.5 

84.0 

350 

3140 

3140 

6.8 

5.8 

88.2 

319 

3140 

3180 

6.9 

5.7 

88.6 

35 

3360 

3360 

9.0 

7.3 

90.4 

34 

3360 

3360 

8.6 

7.0 

90.0 

33 

3785 

3785 

11.3 

8.9 

92.8 

32 

3780 

3700 

11.5 

8.6 

93.0 

31 


out  of  the  question  because  of  the  difficulty  in  picking  a  char- 
acteristic Atasnsicm  and  velocit 

feet  of  Cone  Length  anc5.  Inlet  Shape  upon  Collection  Efficiency 

The  effect  of  cone  length  on  collection  efficiency  for  all 
four  cylindrical  sections  la  shown  in  Figure  8,  When  the  1  diam- 
eter cone  was  used  it  was  found  that  the  efficiencies  were  not 
statistically  different  for  the  cylindrical  sections.  14  the 
cone  length  was  inoreased,  the  4  inch  cylindrical  section  was 
found  to  bo  most  efficient  with  the  1£  inch  section  being  leaat 
efficient.  The  curves  for  4  -  _  -  1.5  -  B  and  8  •   -  1.5  -  D 
level  off  at  5  diameters.  The  curves  for  16  -   ♦  1.5  -  8  and 
12  -  ^  -  1,5  -  sm- 

An  attempt  waa  Bade  to  aaintsin  inlet  velocity  constant  for 
all  the  teat3  In  this  graph,  la  inspection  of  Table  (5)  reveals 
that  the  velocity  varied,  between  tests,  frors  3680  to  3240  F.P.K. 

At  first,  the  data  from   the  graph  might  appear  contradictory 
to  some  of  the  data  in  preceding  figures.  In  Figure  1  collector 
16  -  4  -  1.5  -  D  was  oost  efficient  in  all  cases.  Upon  checking 
it  was  found  the  second  highest  set  of  valves  for  16  -  4  -  1.5  - 
D  in  Figure  1  is  Identical  with  the  highest  set  of  valves  in 
Figure  8  for  16-   -1.5-D,  The  same  is  correspondingly  true 
for  the  other  three  curves  in  Figure  1.  in  Figure.  P.   colleotor 
16  -  4  -  1.5  -  C  has  an  efficiency,  at  a  comparable  velocity  of 
3610  ft/ssin,  of  93.1  per   cent.  As  the  outlet  area  is  decreased, 
Figure  S,  the  efficiency  goes  up  naieh  higher  than  anything  in 
Figure  8,  e.g.,  07.6  per  cent. 
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Table  6.  Gono 

length  data 

■ 

In.  vel. 

:  In.  vol. 

A   f       i 

A  P 

Test  i 

w/o  dust 

:  w.  dust 

:  w/o  duat  : 

vr.  dust  : 

Eff 

.  : 

FFK 

: 

In  W0 

in  IQ  : 

16 

-  -  1.5 

-  D 

131 

70 

3280 

4.2 

4.1 

93. 

l: 

2970 

3350 

4.1 

4.1 

93.6 

155 

70 

3240 

4.4 

4.0 

\i 

156 

■    70 

3320 

4.3 

4.0 

92,8 

1C1 

801 

3640 

4. 

4.6 

9C 

lit 

3010 

5610 

4.7 

4.5 

91.2 

171 

3040 

3680 

4.8 

4.7 

88, 

172 

3040 

3640 

12 

4.8 

m     •  1.5 

4.7 
-  D 

88.8 

227 

3040 

3360 

3.6 

3.5 

.4 

2f 

3050 

3360 

3,7 

3,6 

02.3 

lit 

3050 

3280 

3.8 

3.7 

91.6 

M 

301 

3360 

3.8 

3.7 

.0 

235 

3040 

3360 

3.7 

3.7 

90.6 

236 

3040 

3400 

3.7 

3.7 

90 

3050 

.  53<- 

4.0 

4.0 

87.4 

244 

3Cr 

33 

1 

3. 
-  -  1.5 

4,0 
-  D 

87.6 

2f 

3C 

3360 

5.3 

5.2 

.2 

80 

3040 

3360 

5.4 

5.3 

93.8 

307 

3040 

3400 

5. 

4,8 

93.6 

39 

3040 

3440 

5.1 

M 

94.1 

275 

3010 

3320 

5.3 

5.2 

92.0 

3010 

3360 

5. 

.4 

3^ 

3040 

3360 

4,5 

4.5 

88. " 

316 

3040 

3440 

4 

4.5 
-  -  1.5 

4.5 

88.2 

3010 

3400 

4.6 

4.6 

94.8 

124 

3010 

S330 

4.6 

4.6 

95.0 

115 

70 

3360 

5.0 

4.8 

94.8 

116 

2970 

3360 

5.0 

4.9  , 

94.8 

107 

70 

3260 

4. 

4.8 

B3,e 

100 

70 

3320 

•• 

5.1 

93.6 

77 

2970 

3200 

5.3 

5.0 

87.8 

78 

70 

3240 

5.3 

5.1 

88.2 

% 

.  -  ■  .- 


33 


The  collection  efficiency  of  a  cyclone  dust  collector  in- 
creased as  the  inlet  velocity  was  increased.   \s  the  outlet 
area  was  increased  the  collection  efficiency  decreased.  The 
position  of  the  outlet  tube  which  gave  the  best  efficiency  was 
where  the  outlet  tube  extended  into  the  collector  half  the 
height  of  the  inlet.  The  collection  efficiency  was  found  to 
increase  as  the  length  of  cone  increased.   bi  square  inlet 
was  found  to  give  better  collection  efficiency  than  the  rec- 
tangular shapes.  The  tangential  velocities  and  static  pres- 
sures were  found  to  correspond  closely  to  those  In  a  ."lankine 
combined  vortex,  JrVori  these  results  an  hypothesis  of  the  path 
a  partiole  takes  in  passing  through  the  collector  wss  advanced. 
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Table  2. 

Master  table. 

:  Inlet  vol.  s 
:  w/o  duat   : 

Inlet  vel.  : 

A  p    : 

A1 

• 
a 

Teat  no. 

w.  dust 

• 
* 

w/o  dust  : 

w.  dust 

\  T 

:          : 

FPU 

t 

In  WO   : 

In  m 

16  - 

4  - 

1*1 

1 

3200 

6,5 

6.3 

94.0 

B 

3230 

6.4 

. 

93.8 

C 

3185 

6.5 

93.0 

D 

3210 

0.5 

6.3 

94.0 

I 

3200 

6.4 

6.2 

93.8 

P 

3240 

6.3 

6.1 

93.0 

1 

3210 

6.5 

6,3 

92.6 

H 

3160 

6.4 

6.3 

93.4 

I 

31  DO 

6,3 

6.1 

03.0 

J 

3210 
16  - 

4  ~ 

6.5 

0.67  -  D 

6.2 

94.0 

43 

2550 

2960 

5.1 

5.0 

87.2 

42 

2550 

2960 

5.0 

4,8 

87.2 

41 

8970 

3430 

7.0 

6.8 

89.0 

40 

8970 

3430 

7.1 

6.9 

88.5 

39 

3360 

3770 

9.2 

9.1 

89.6 

38 

3360 

3750 

9.4 

9.1 

89.4 

37 

3550 

3920 

10.7 

10.4 

90.0 

36 

3550 

3920 

16  - 

1  - 

11.0 
0.67  -  C 

10.8 

88.2 

44 

10 

2960 

5.0 

4*8 

90.5 

45 

2550 

3000 

4.9 

4.8 

90.3 

46 

8970 

3400 

6.Q 

6.7 

95.5 

47 

2930 

3400 

6.7 

6.Q 

94.8 

48 

3330 

3950 

8.9 

8.6 

97.3 

49 

3300 

3920 

8.8 

8.7 

96.6 

50 

3580 

4050 

10.2 

10.0 

97.0 

51 

3580 

4120 

10.3 

9.9 

97,6 

16  - 

0,67  -  U 

327 

2500 

2770 

5.2 

5.0 

Of. 

328 

2500 

2770 

5.0 

4.8 

82.4 

329 

P790 

3040 

7.1 

6.9 

83.8 

330 

8800 

3060 

7.1 

6.8 

84.0 

331 

3100 

3660 

8.7 

8.5 

06.8 

332 

3140 

3660 

8.6 

8.3 

87.0 

333 

3600 

3960 

10.0 

9.7 

87.6 

334 

3580 

3940 

10.1 

9.8 

87. 

- 

Table  2. 

( cont. ) 

i  :.:.\c\   *•!, 

:  w/o  dust 

:  Inlet  vel.  : 

A  :    ; 

A  I 

: 

Test  no. 

s  w.  dost    : 

w/o  dust  : 

w.  dust 

;  T 

s    -  :.. 

:    PfJ     : 

in  m      t 

In  wo 

16  -  4  - 

1  -  D 

14 

2550 

2960 

4.9 

4.6 

90.0 

13 

2600 

3000 

5.0 

4.6 

89.8 

12 

3010 

2400 

7.0 

6,6 

93.6 

11 

3050 

3430 

7.1 

6.6 

93.6 

10 

3300 

3910 

8.7 

8.1 

95.0 

9 

3320 

3950 

8.7 

8.2 

95.6 

8 

3540 

4400 

10.5 

-.1 

96.3 

7 

3530 

16  -  4  - 

10.5 
1  -  C 

9.3 

96.5 

15 

mm 

3090 

5.0 

4.7 

91.3 

16 

2610 

3120 

5.0 

4.7 

91  Is 

17 

3050 

3510 

7.0 

6.6 

94.9 

18 

3050 

3470 

0.9 

6.5 

95.0 

19 

3400 

3750 

8.8 

8.3 

95.9 

10 

3400 

3750 

8.6 

8.1 

96.2 

21 

3640 

4090 

10.0 

9.6 

97.0 

22 

3610 

4030 
16  -  4  - 

9.9 
1  -  XJ 

9.5 

96^6 

31 

2550 

2920 

4.9 

4.7 

88.4 

30 

2560 

2940 

5.0 

4.7 

89.1 

28 

mm 

3320 

6.8 

6.6 

90.0 

27 

2960 

3360 

6.9 

6.5 

90.3 

26 

3240 

3580 

8.2 

7.8 

25 

3200 

3580 

8.1 

7.8 

90^3 

24 

3710 

4240 

11,1 

10.4 

91.4 

23 

3710 

4220 
16  -  I  - 

11.2 

1.5  -  D 

10.7 

91.3 

127 

2440 

2780 

2.8 

2.8 

91.6 

128 

2440 

2830 

2.8 

2.7 

91.0 

129 

2660 

3090 

3.4 

3.4 

93.0 

130 

2660 

3000 

3.4 

3.4 

92.4 

131 

8970 

3280 

4.2 

4.1 

93.0 

132 

2970 

3350 

4.1 

4.1 

93.6 

133 

3280 

4050 

5.1 

4.8 

94.2 

134 

3280 

4090 

5.1 

4.8 

94.0 

40 

Table  2. 

( oont . ) 

:  inlet  vsl. 

:  Inlet  vel.  j 

A      1 

A 

: 

Test  no. 

j  w/o  dust 

:  w.  dust    f 

w/o  dust  : 

w.  dust 

*  Kf  t 

:     FPM 

FPM     : 

In  WO   : 

1.5  -  G 

In  SQ 

:  % 

16  -  4  - 

142 

2440 

2790 

2.7 

2.7 

90.3 

141 

2440 

2750 

2.7 

2.8 

91.6 

140 

2750 

3220 

3.5 

3.4 

92.2 

139 

2750 

3220 

3.4 

3.3 

.4 

133 

2970 

3580 

4.1 

3.9 

93.0 

137 

3010 

3650 

4.1 

3.3 

93. 

136 

3330 

3390 

5.1 

5.0 

95.0 

135 

3330 

3950 
16  -  4  * 

5.2 

1.5  -  U 

4.9 

94. 

143 

2500 

2930 

2.6 

2.5 

88.2 

144 

2450 

2970 

2.8 

2.4 

89.0 

145 

2750 

3360 

3.3 

2.9 

88.S 

146 

2750 

3290 

3.3 

3.0 

89.0 

147 

2970 

3590 

3.9 

3.5 

88.0 

143 

2970 

3650 

3.9 

3.5 

88.4 

149 

3330 

4010 

5.1 

4.5 

86.6 

150 

3330 

4010 
16  -  3  - 

5. 
1.5  -  D 

4.6 

Bo. 3 

151 

2440 

2750 

2.3 

2.6 

39.6 

152 

£440 

2790 

2.3 

2.S 

89.0 

153 

2700 

3050 

3.5 

3.4 

91,4 

154 

2700 

3010 

3.5 

3.3 

91,  3 

155 

2970 

140 

4.4 

4.0 

92.4 

156 

8970 

3320 

4.3 

4.0 

92. 

157 

3300 

3690 

5.3 

4.9 

93.2 

158 

3300 

50 
16  -  2  - 

5.^ 
1.5  -  D 

5.9 

93.0 

166 
165 
164 

2440 

2440 
2700 

2930 
2970 
3260 

3.0 
2.9 
3.7 

2.8 
2.8 

3.4 

88.6 

. 
90.2 

163 

2740 

3260 

3.7 

3.5 

90.6 

162 

3010 

3640 

4. 

4.6 

90.9 

161 

3010 

3610 

4.7 

4.5 

91.2 

160 

3360 

4020 

5.9 

5.6 

93.2 

159 

3360 

4050 

5.8 

5.5 

94.0 

. 

Teble  2. 

( cont . }  . 

I  Inlet  vel. 

j  Inlet  Tel.  i 

A  |     : 

A 

Test  no. 

:  w/o  dust 

:  w.  dust    : 

w/o  dust  : 

v.  dust 

t  Kf  f 

:    ;;  1 

:    .  n     : 

In  WO   : 

In 

:  % 

16  -  1  - 

1.5  -  D 

167 

2400 

27- 

2.9 

2.8 

85.4 

168 

2400 

2790 

3.0 

2.8 

85.0 

169 

2740 

3060 

3.9 

3.8 

86.G 

170 

2740 

3100 

3.8 

3.7 

87.0 

171 

3040 

3680 

4.8 

4.7 

88.0 

172 

3040 

3640 

4,3 

4.7 

88.8 

175 

3400 

3820 

6.0 

5.9 

87.2 

174 

3360 

81 

12  -  3  • 

6.0 
1.0  -  D 

5.8 

87.0 

191 

2500 

2700 

3,6 

3.4 

91.4 

192 

2500 

2700 

3.5 

3.3 

9U8 

193 

2750 

3260 

4.5 

4.1 

92. 1 

194 

2750 

3180 

4.6 

4.1 

92.6 

105 

3010 

3440 

5.8 

5.5 

93.0 

1G6 

3050 

3470 

5.8 

5.4 

93.2 

197 

3360 

3890 

7. 

6.9 

94.2 

198 

3330 

3850 

12  -  3  • 

7.3 

1.0  -  C 

6.9 

94.0 

190 

2440 

2740 

3.5 

3.3 

92.2 

189 

2440 

2740 

3.6 

3.4 

\Q 

188 

2700 

3220 

4.4 

4.1 

92.8 

187 

2700 

3260 

4.5 

4.1 

93.0 

186 

3010 

3400 

5.7 

5.3 

93.0 

185 

3010 

3440 

5.7 

5.3 

92.2 

184 

3320 

3020 

7.3 

6.9 

94.2 

183 

3360 

20 
12  -  3  - 

7.3 

1.0  *  U 

6.9 

175 

2440 

2740 

3.7 

o.o 

89.0 

176 

2440 

2740 

3.7 

3.5 

88. G 

177 

2740 

3100 

4.7 

4.5 

178 

2740 

3100 

4.7 

4.5 

osiS 

179 

3060 

3400 

6.0 

5.8 

89.4 

180 

3060 

3400 

5.9 

5.7 

90.0 

181 

3360 

3920 

7.4 

7.1 

36.0          I 

182 

3360 

3890 

7.4 

7.1 

85.6 

. 

Table  2. 

{ eont . ) 

l  Inlot  vol. 

:  Inlet  vel.  : 

AP 

A? 

■ 
6 

Test  no. 

:  w/o  dust 

:  w.  dust    : 

w/o  dust  : 

w.  dust 

I  Ef  f 

: 

;   tn        t 

in  WO   t 

In  WO 

t  % 

12  -  3  - 

1.5  -  D 

PIS 

2500 

2780 

1.8 

1.8 

89.8 

216 

2500 

1.8 

1.8 

89.6 

217 

2700 

3000 

2.9 

2.7 

90.4 

21S 

2740 

3000 

2.8 

2.6 

90.8 

219 

3050 

3280 

3.8 

3.7 

.6 

220 

3050 

3360 

3.8 

3.7 

.8 

P21 

3360 

3750 

4.8 

4.6 

92.6 

222 

3360 

3750 
12  -  3  - 

4.8 
1,5  «•  0 

4.5 

92.8 

207 

2500 

2750 

2.8 

2.0 

90.2 

208 

2500 

2750 

2.2 

2.0 

90.4 

209 

2750 

3050 

2.9 

.7 

90.8 

210 

2750 

3050 

2.9 

.8 

21.0 

211 

3010 

3360 

4.0 

3.8 

91.8 

212 

3010 

3330 

4.0 

3.8 

92.2 

213 

3360 

3750 

4.6 

4.5 

92.6 

214 

3360 

3750 
12  -  3  - 

4.6 

1.5  -  I 

4.5 

93.0 

199 

2500 

2750 

2.0 

1.9 

80.0 

200 

2500 

2790 

2.0 

1.9 

80.4 

201 

2750 

3010 

2.7 

2.7 

82.2 

202 

2700 

3010 

2.7 

2.6 

82.0 

3 

5010 

3290 

3.6 

3.5 

83.4 

204 

3050 

3330 

3.6 

3.4 

83.2 

205 

3360 

3750 

4.1 

3.9 

81.8 

m 

3360 

3720 
12  -  4  • 

4.0 
1.5  «  D 

3.9 

82.0 

223 

2500 

2750 

2.3 

2.r 

90.2 

224 

2500 

2750 

2.3 

2.3 

90.0 

£25 

2750 

3100 

3.0 

2.8 

93.0 

226 

30 

3100 

3.0 

2.8 

92.6 

227 

3040 

33S0 

3.6 

3.5 

92.4 

220 

3050 

3360 

3,7 

3.6 

92.8 

229 

3330 

3650 

4.5 

4.3 

\s 

230 

3330 

3650 

4.4 

4.2 

92.8 

43 

Table  2, 

( eont . ) 

:  Inlet  vol. 

:  Inlet  vel. 

:  Af      ! 

AF 

• 

Teat  no. 

s  w/o  dust 

:  w.  aust 

:  w/o  <3uat  : 

,  w.  dust 

t  Kff 

X 

:    PPK 

:   In  m 

In 

12-2 

-  1.5  -  D 

231 

2500 

2750 

2.2 

2.2 

87.6 

252 

2500 

2790 

2.3 

2.2 

87.2 

233 

2700 

40 

2.8 

2.7 

89.8 

234 

2700 

3040 

, 

2.7 

90.2 

235 

3040 

3360 

3.7 

3.7 

90.6 

236 

3040 

3400 

3.7 

3.7 

90.6 

237 

3400 

3690 

4.7 

4.7 

91.4 

230 

3360 

3770 
12  •  1 

M 

•  1.5  •  D 

4.6 

01.8 

239 

2500 

2750 

2.5 

2.7 

240 

2500 

2790 

2.6 

2.7 

84.2 

241 

2750 

3100 

3.2 

3.4 

86.8 

r>42 

2790 

3140 

3.2 

3.4 

86. 

243 

3050 

3360 

4.0 

4.0 

87.4 

244 

3050 

3330 

3.9 

4.0 

87.6 

245 

3360 

00 

4.7 

4.8 

88.6 

246 

3360 

3650 

i  *  t  • 

4.7 
1.0  -  D 

4.9 

80.4 

254 

X) 

2750 

5.8 

5.5 

91.2 

253 

2500 

2750 

5.7 

5.4 

91.6 

H 

2750 

3040 

7.6 

7.1 

. 

251 

2750 

2970 

7.5 

7.1 

93.6 

250 

3040 

3400 

8.7 

.4 

94.0 

249 

3040 

3360 

8.7 

8.3 

93.3 

248 

3330 

3720 

10.9 

10.2 

94.2 

247 

3260 

3690 
8  -  ?  - 

11.0 
1.0  -  c 

10.4 

94.0 

262 

2450 

2790 

6.0 

5.9 

93.0 

261 

2450 

2740 

6.1 

5. 

93. 1 

260 

2740 

3050 

7.9 

7.7 

'.-■3.4 

259 

2790 

3050 

8.0 

7.0 

93.8 

258 

3010 

3330 

9.6 

9.3 

94.8 

257 

3010 

3360 

9.7 

0.3 

94.6 

256 

3330 

3720 

11.1 

10. c 

95. 

255 

3330 

3720 

11»2 

10.6 

95.4 

«* 

Table  2. 

(cant*) 

:   Inlet  vel. 

:    Inlet  vel. 

A 

A 

• 
• 

Teat  no. 

t   w/o  dust 

:    vr.   dust 

:   w/o  dust   s 

w,  dust 

t   Ef  f 

m 

: 

In  WO       : 

In 

:     % 

8  -  1    - 

.  .■  -  U 

263 

MOO 

2840 

6.4 

.2 

87.2 

,4 

2500 

2840 

6.5 

6.3 

86.. 

265 

2740 

3050 

0.1 

7.9 

87. 

266 

2740 

3050 

8.0 

7.9 

87.6 

267 

301O 

.2 

9.2 

87.0 

260 

3010 

3400 

.3 

• 

86.6 

269 

3290 

3750 

11,1 

11.0 

84.9 

270 

3330 

3790 

11.1 

11.0 

85.0 

8  -  2  . 

1.5  -  D 

271 

2500 

2650 

3.5 

3.4 

89.0 

272 

2500 

2650 

3.5 

3.4 

89.2 

273 

2650 

3050 

4.3 

4.3 

L#8 

274 

2650 

3050 

4.3 

4.3 

92.2 

275 

3010 

3320 

5.3 

5.2 

92.0 

"76 

3010 

3360 

5.3 

5. 

92.4 

277 

3360 

3680 

6.6 

.6 

92. 

278 

3360 

3720 
8  -  2  - 

6.7 
1.5  -  C 

6.7 

92.0 

279 

2500 

2740 

2.9 

2.9 

90.0 

280 

2500 

2740 

3.0 

3.0 

281 

2740 

3010 

4.4 

4.3 

93.2 

282 

2740 

3010 

4,4 

4.3 

MM 

203 

3010 

3330 

5.1 

5.0 

92.2 

284 

3010 

3360 

5.1 

5.0 

92.8 

285 

3360 

3690 

6,4 

.3 

93.0 

286 

3360 

3690 

6.4 

.3 

98.6 

8  -  2  - 

1.5  -  U 

t87 

2500 

2750 

3.3 

a  o 

»<3 

31. 

283 

2500 

2750 

3.3 

.3 

81.6 

ft 

2750 

3010 

4.1 

3.3 

84.0 

290 

2750 

3010 

4.1 

3.r- 

84.6 

291 

3010 

3330 

4.9 

4.8 

85.0 

292 

3010 

3330 

4.9 

4.8 

84.0 

293 

3360 

3690 

6. 

.1 

84.0 

294 

3360 

.3 

6.2 

83.4 

45 

Table  2, 

(cont.) 

:   Inlet  vel. 

:    Inlet  vel. 

A  1           : 

Ap 

t 

T«at  no. 

:  w/o  dust 

:   w.  dust 

t   w/o  dust   : 

w.  dust 

t  Kf  f 

:         PPM 

:          FPIH 

:     In             : 

in 

1     | 

8  -  4  - 

1.5  -  D 

HI 

2550 

'50 

4.6 

4.6 

89.0 

M 

2550 

4.7 

4.0 

88.4 

7 

2750 

3100 

5.0 

4,9 

90.4 

2750 

3050 

5.0 

4.9 

91.4 

r»r  ■-*- 

3040 

30 

.3 

5. 

94.2 

3040 

33 

5.4 

5.3 

93. 

301 

3360 

3650 

6.5 

.4 

92. 0 

30? 

3360 

3690 

8.3- 

6.6 

1.5  «  D 

6.4 

91.6 

303 

2500 

2750 

.9 

2.9 

91.0 

304 

2500 

2710 

3.0 

2,9 

91.0 

305 

50 

3100 

3.8 

3.7 

92.6 

306 

2750 

3100 

3. 

3.6 

,2 

307 

3040 

3400 

5.0 

4.8 

93.6 

308 

3040 

3440 

5.1 

4.8 

94.1 

309 

3360 

3720 

.4 

6.2 

95.2 

310 

3360 

3720 
3  -  1  - 

6.5 
1.5  -  D 

.2 

94.8 

311 

2500 

2790 

2. 

.8 

90.6 

31 

2500 

2790 

.9 

2.9 

90.0 

313 

2750 

3050 

3.7 

3.7 

92.0 

314 

2750 

3140 

3.S 

3.7 

92.2 

315 

3040 

3360 

4.5 

4.5 

88.2 

316 
317 

3040 
3400 

3440 
3720 

4. 
5.7 

4.5 
5.6 

88.2 
95.2 

318 

3360 

3720 

4  -  1  - 

5.8 

1.0  -  D 

5.8 

94.8 

58 

2400 

2740 

6.1 

5.1 

82.8 

57 

2390 

2700 

6.2 

5.9 

-.0 

56 

2700 

2900 

7.4 

7.1 

87.4 

55 

2700 

7.4 

7.1 

54 
53 

2920 
2970 

3280 

3360 

9.1 
.6 

8.6 

87.4 
87.8 

52 

3220 

3540 

10.7 

10.2 

88.0 

51 

3260 

3570 

10.8 

10.1 

87.8 

. 

Table  2. 

( cont . ) 

t  Inlet  vol* 

:  Inlet  vol. 

* 
• 

A  I 

A  ■ 

: 

Teat  no. 

:  w/o  dust 

:  w.  dust 

: 

w/o  dust  : 

w,  dust 

1  Ef  f 

:    PPL 

: 

: 

In  WO   : 

in 

t     % 

4  -  1  - 

1, 

,0  -  C 

66 

2400 

2650 

6,1 

5.8 

85.6 

65 

2400 

00 

6,1 

5. 

84.8 

64 

2700 

3000 

7.7 

7.3 

87.8 

63 

2750 

3190 

8.2 

7.8 

87. 

62 

2970 

3360 

9.2 

8. 

90.0 

61 

•970 

3400 

9.7 

.0 

89.4 

60 

3220 

3680 

10.6 

10.4 

59 

MO 

3570 
4  -  1  - 

1 

10.0 
,0  -  U 

10.3 

90. 

67 

2440 

2650 

6. 

6.0 

84.0 

68 

2440 

2700 

6.8 

.0 

83. 

69 

2700 

3000 

7.6 

7.3 

88.4 

70 

2700 

3000 

7.6 

7.3 

".6 

71 

C970 

3280 

9.2 

8.9 

8C< 

72 

2920 

3320 

9.2 

8.9 

m. 

73 

3220 

3540 

11.0 

10.4 

. 

74 

3220 

3580 
4  -  I  - 

1 

11.8 
.5  -  D 

10.2 

89.2 

;>r 

2380 

100 

3.7 

3.5 

81.0 

81 

2300 

2600 

3.7 

3.4 

80.4 

80 

2740 

3000 

4,8 

4.6 

88.0 

79 

2740 

3000 

4.7 

4.4 

87.8 

78 

2960 

3240 

5.3 

5.1 

88.2 

77 

2960 

3200 

5.3 

5.0 

87.8 

76 

3240 

3580 

6.6 

6. 

3r 

75 

3200 

3580 
4  -  1  - 

1 

6.7 

.5  -  C 

6.3 

88.6 

83 

2390 

.30 

3.6 

3.6 

83,4 

M 

2390 

2600 

3. 

3.5 

83. 

85 

2750 

3050 

4.4 

A 

86 

2750 

3050 

4.4 

4.3 

86.0 

87 

2970 

3320 

5.1 

5.0 

88. 

88 

3010 

3320 

5.0 

4.9 

BP. 

89 

3220 

3610 

6.0 

5.9 

89.  - 

90 

3260 

3640 

5.9 

5.8 

.4 

47 

Table  ft, 

(concl.) 

t  Inlet  yel. 

t   Inlot  vel. 

: 

A 

A 

: 

Teat  no. 

:  w/o  duet 

:  w.  dust 

• 
• 

w/o  dust  : 

w.  dust 

:  Eff 

:    FPU 

: 

: 

In  WQ   : 

In 

:  % 

4  -  1  - 

1, 

,5  -  U 

98 

2500 

2690 

3.1 

3.3 

80.4 

97 

2500 

3.1 

3.4 

80.  ~ 

M 

2700 

2910 

3,7 

3.9 

81.8 

M 

2750 

•SrOv 

3.7 

3.9 

81 

1  4 

2970 

3210 

4.8 

4.7 

er. 

93 

70 

3170 

4,8 

4.7 

92 

3260 

3540 

5.9 

5.8 

83.2 

91 

3260 

3540 

5.9 

5.7 

sr, 

4  -  4  - 

1 

,5  -  D 

119 

2450 

2790 

3.1 

3.1 

93.0 

120 

2450 

2750 

3.1 

5.1 

92.4 

:  r: 

2750 

3100 

3.8 

5.9 

94.2 

190 

2750 

3100 

3.8 

3.8 

94.6 

123 

3010 

3400 

4.6 

4.6 

94.8 

124 

3010 

3330 

4.6 

4.6 

95.0 

125 

3330 

3720 

5.6 

5.6 

M 

126 

3330 

3650 
4  -  3  - 

1 

5.7 
,5  -  D 

5.7 

94.6 

111 

1  „  ID 

2750 

3.0 

.9 

92.6 

11 

2440 

2750 

3.1 

3.0 

93.0 

113 

2700 

3050 

4.1 

4.0 

94.8 

114 

2700 

3050 

4.2 

4.0 

94.? 

115 

2970 

3360 

5.0 

4,8 

94.8 

116 

2970 

3360 

5.0 

4.9 

94. 

117 

3260 

3650 

6.0 

5.7 

95.6 

118 

3260 

3620 

6.0 

5.7 

95.4 

4  -  2  - 

1 

.5  -  D 

103 

2440 

2740 

3.4 

3.3 

91.0 

104 

2440 

2740 

3.4 

3.4 

105 

2740 

3010 

4.2 

4.1 

9f. 

IOC 

2740 

3050 

4.1 

4.1 

.8 

107 

2970 

3260 

4.9 

4.8 

93.0 

108 

70 

3320 

5.2 

.1 

93. 

109 

3250 

3610 

C.2 

6.0 

94.6 

110 

3250 

3580 

6.2 

6.1 

94.2 

. 
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The  cyclone  dust  collectors  uaod  In  this  research  were 
built  In  sections  so  that  the  parts  could  be  interchanged  to 
give  dust  collectors  of  differing  dimensions.  The  inlet  was 
varied  in  shape  but  had  a  oonstant  cross  sectional  area  of  16 
square  inches.  Four  different  oone  sections  of  1,  2,  3  and  4 
diameters  in  length  wore  used.  There  were  three  outlet  tubes 
with  cross  sectional  areas  of  10,67,  16  and  24  square  inches. 
These  outlet  tubes  were  made  so  as  to  slide  freely  in  the  cov- 
ors  to  facilitate  varying  the  length  to  whloh  the  outlet  tube 
extended  into  the  collector. 

It  was  found  that  as  the  cone  length  was  Increased  the 
efficiency  of  dust  collection  increased.  The  4  diameter  cone 
was  the  most  efficient  used  in  this  experiment.  Indications 
were  found  that  a  cone  longer  than  4  diameters  might  in  some 
cases  have  even  greater  efficiency. 

with  other  factors  held  constant  it  was  found  that  the  4 
inch  high  cylindrical  section  was  the  most  effiolent  in  per- 
centage dust  collection  with  the  8  inch  section,  the  16  inch 
section,  and  the  12  inch  section  following  in  order  of  de- 
creasing efficiency.  It  waa  found  that  as  the  outlet  area 
was  increased  the  collection  efficiency  decreased  somewhat 
but  that  the  pressure  drop  decreased  very  appreciably.  As 
the  inlet  velocity  waa  inoreased  the  collection  efficiency 
increased  as  did  the  pressure  drop  across  the  collector. 
The  extent  to  whloh  the  outlet  tube  extended  down  into  the 


ool lector  affected  the  efficiency  very  considerably.  Throe 
poaitions  were  investigated,  first,  the  outlet  tube  did  not 
extend  into  the  collector;  second,  the  outlet  tube  extended 
down  half  of  the  height  of  the  cylindrical  section;  and  third, 
the  outlet  tube  extended  down  to  the  top  of  the  oone.  The 
first  was  found  to  be  less  efficient  than  the  other  two,  the 
half  position  being  slightly  better  than  the  down  position, 
A  complete  map  of  the  tangential  velocities  Inside  the 
collector  was  made  with  the  aid  of  a  Prandtl  pi tot  tube.  The 
tangential  component  of  velocity  was  found  to  be  almost  iden- 
tical with  that  of  the  Rankino  combined  vortex.  The  departure 
was  thought  to  be  due  to  friction  and  turbulence,  Loasure- 
oents  of  the  radial  and  axial  components  of  velocity  were  not 
taken. 


